This paper investigates the correlation dynamics in the equity markets of 13 Asia-Pacific countries, Europe and the US using the asymmetric dynamic conditional correlation GARCH model (AG-DCC-GARCH) introduced by Cappiello, Engle and Sheppard (2006) . We find significant variation in correlation between markets through time. Stocks exhibit asymmetries in conditional correlations in addition to conditional volatility. Yet asymmetry is less apparent in less integrated markets. The Asian crisis acts as a structural break, with correlations increasing markedly between crisis countries during this period though the bear market in the early 2000s is a more significant event for correlations with developed markets. Our findings also provide further evidence consistent with increasing global market integration. The documented asymmetries and correlation dynamics have important implications for international portfolio diversification and asset allocation.
Introduction
Over recent years there has been a large amount of research focussed on linkages between asset markets in developed economies and emerging markets. The level of interaction or interdependence between markets has important consequences in terms of predictability, portfolio diversification and asset allocation. Theory predicts that gains can be achieved through international portfolio diversification if returns in the different markets are not perfectly correlated. Policies of deregulation in and the liberalisation of capital markets, coupled with technological advances, suggests that markets have become more integrated over time. Increasing levels of integration suggests that opportunities for portfolio diversification are reduced. Moreover, evidence from crisis events such as the Asian financial crisis suggests that market comovements lead to contagion and consequently higher correlations reducing diversification opportunities. Understanding and careful estimation of the time varying nature of volatilities, covariances and correlations is paramount to capture changes in risk and identify the nature of comovement between markets.
Evidence of spillover and volatility transmission from one market to another is well established (see, inter alia, Engle, Ito and Lin, 1990; Hamao, Masulis and Ng, 1990) . Further evidence on contagion and financial crises highlights the impact of events such as the Asian crisis and the Russian crisis on other markets across the globe (see, inter alia, Kaminsky and Reinhart, 1998; Edwards and Susmel, 2001; Bae, Karolyi and Stulz, 2003) . In addition to these short run relationships, there is a body of evidence suggesting capital markets share common trends over the long term (Kasa, 1992; Garrett and Spyrou, 1999) . This suggests that for investors with longer term investment horizons, the benefits of international portfolio diversification could be overstated. Despite the existence of such long run relationships it is unlikely that the benefits of diversification will be eroded since returns may only react very slowly to the trend. Indeed the benefits of diversification are likely to remain and hence accurate measurement of volatilities and correlations between markets is of great importance.
Moveover, it is well established that stock return correlations are not constant through time.
Correlations tend to rise with economic or equity market integration (Erb, Harvey and Viskanta, 1994; Longin and Solnik, 1995; Goetzmann, Li and Rouwenhorst, 2005) They also tend to decline in bull markets and increase during bear markets (Longin and Solnik, 2001; Ang and Bekaert, 2002) . Solnik (1995, 2001) show that correlations between markets increase during periods of high market volatility, with the result that correlations would be higher than average exactly in the moment when diversification promises to yield gains. Consequently, such changes in correlations imply that the benefits to portfolio diversification may be rather modest during bear markets (Baele, 2005) .
In this paper we investigate the correlation dynamics across the Asia-Pacific region and with Europe and the US using both local currency and US Dollar returns. Using the recently developed asymmetric generalised dynamic conditional correlation GARCH model (AG-DCC-GARCH) of Cappiello, Engle and Sheppard (2006) we examine how conditional correlations evolve over time.
The model explicitly captures the asymmetric response of conditional volatilities and correlations to negative returns. We find evidence of asymmetries in conditional volatilities for local currency returns yet this asymmetry disappears in most markets for US Dollar returns. Further the lack of volatility feedback is most visible in countries with low correlations with the developed markets of the US and Europe. There are significant asymmetries in conditional correlations. These correlations evolve through time. Evidence of significant increases in correlation during the Asian crisis is largely limited to crisis countries. Correlations with the US and Europe do not systematically increase during this period, rather they peak during the most recent bear market. Our results also demonstrate that correlations are higher toward the end of the sample period than in the early 1990s indicative of greater market integration.
The remainder of the paper is organised as follows. Next, we briefly review the existing literature investigating asset market linkages in Asia-Pacfic markets. In section three, we discuss the methodology while section four presents the results and analysis. Section five offers some concluding remarks.
Literature Review
Research into asset market linkages and integration in both developed markets and emerging markets has developed over recent years establishing the nature of these relationships for different assets and markets. As a consequence of the Asian financial crisis, the majority of studies have focussed on on emerging equity markets in the Pacific Basin (see, inter alia, Phylaktis and Ravazzolo, 2002; Manning, 2002) , although there is evidence for other asset markets in the region (for example, Phylaktis (1999) using real interest rates) and for other emerging economies (for example, Harvey, 1995, 1997) .
It is well understood that markets, developed and emerging, can move together over the short run. Janakiramanan and Lamba (1998) and Cha and Cheung (1998) examine linkages between AsiaPacific equity markets and the US using vector autoregression (VAR) models, establishing that the US has a significant influence on these markets in addition to a number of interrelationships within the Asia-Pacific region. Further, while such research establishes spillovers in mean relationships between markets, there has been much research (initiated by Engle et al., 1990; Hamao et al., 1990) examining the presence of spillovers in volatility. More recent studies of financial crises and contagion provide further evidence that there is significant transmission across markets (Kaminsky and Reinhart, 1998; Bae et al., 2003) . Consequently it is well documented that mean and volatility spillovers occur between asset markets suggesting that events in one market can be transmitted to others and that the magnitude of such inter-relationships maybe strengthened during crisis periods.
Examining the nature of volatility spillovers from Japan and the US to the Pacific-Basin and the impact of financial liberalisation, Ng (2000) finds that both the US and Japan influence volatility in the Pacific-Basin region. While liberalisation is likely to be a key event, its influence describes only a small proportion of the total variation suggesting other intra-region influences are important.
Similarly, Worthington and Higgs (2004) provide evidence of the transmission of return and volatility among 9 developed and emerging Asia-Pacific markets finding significant spillovers across markets using multivariate GARCH models. Kim (2005) investigates linkages between advanced Asia-Pacific markets (Australia, Hong Kong, Japan and Singapore) with the US uncovering contemporaneous return and volatility linkages which intensified after the Asian crisis.
In addition to mean and volatility spillovers, there is strong evidence to suggest that markets display common trends over the long term. A number of studies have investigated the existence of a long run equilibrium relationship between Asia-Pacific stock markets and between these markets and developed markets (see, inter alia, Chan, Gup and Pan, 1992; Garrett and Spyrou, 1999; Maish and Maish, 1999; Ghosh, Saidi and Johnson, 1999; Darrat and Zhong, 2002) . However, recently studies have investigated the stability of this long run relationship. Yang, Kolari and Sutanto (2004) find no evidence of long run cointegrating relationships between emerging markets and the US prior to the Asian financial crisis, but such relationships exist during the crisis period. Further, Yang, Kolari and Min (2003) examine both long run relationships and shot run dynamics around the period of the Asian crisis demonstrating that linkages between markets strengthen during the crisis and that markets have remained more integrated post-crisis. Although, Manning (2002) argues that the convergence of South East Asian equity markets was abruptly halted and somewhat reversed by the crisis. The various alternative findings suggest these relationships vary thorough time and are naturally impacted by events such as the Asian crisis.
Methodology
In order to investigate the correlation dynamics between the Asia-Pacfic equity markets we employ the asymmetric generalised dynamic conditional correlation GARCH model (AG-DCC-GARCH) of Cappiello et al. (2006) . This model is the generalisation of the DCC-MVGARCH model of Engle (2002) to capture the conditional asymmetries in correlation. The DCC-MVGARCH is estimated using a two-stage procedure. In the first stage, we fit univariate GARCH models for each of the asset return series and standardized residuals (residuals standardized by their estimated standard deviations) are obtained. The second stage uses the standardized residuals to estimate the coefficients governing dynamic correlation.
Let r t denotes a n x 1 vector of return innovations (residuals) at time t, which is assumed to be conditionally normal with mean zero and covariance matrix H t :
where Ω t−1 represents the information set at time t − 1, and the conditional covariance matrix H t can be decomposed as follows:
where D t = diag{ √ h it } is the n x n diagonal matrix of time-varying standard deviations from univariate GARCH models with √ h it on the ith diagonal, and R t is the n x n time-varying correlation matrix, containing conditional correlations. The proposed dynamic correlation structure is:
where diag(Q t ) = [ √ q iit ] is a diagonal matrix containing the square root of the diagonal elements of Q t , A, B and G are n x n parameter matrices,
is the standardized residuals;
is the indicator function which takes on value 1 if ε it < 0 and 0 otherwise, "•" denotes the Hadamard product. This term will capture the conditional asymmetries in correlations. The generalized DCC (G-DCC) model is a special case of AG-DCC when G = 0. It is clear from equation (4) that Q t will be positive-definite if
The AG-DCC model is estimated using quasimaximum likelihood (QMLE).
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We can extend this model to allow for structural breaks in mean of the correlation equation. For example, we might wish to test whether a structural break has occurred in the intercept following the Asian financial crisis 1997. Let d t be the dummy variable 1 if t ≥ τ break < T and 0 otherwise.
In this case, equation (4) can be extended to:
for t > τ break ;N 1 andN 2 are analogously defined. Since the model in equation (5) nests the model in equation (4), it can be tested for breaks in mean of correlation process using likelihood ratio test with k(k − 1)/2 degrees of freedom.
1 Details on the estimation method and log-likelihood functions are given in Appendix A.
We illustrate the asymmetric response of correlation to joint bad news and joint good news using news impact surfaces introduced by Kroner and Ng (1998) . The news impact surface for correlation can be estimated as follows:
where ε i and ε j are standardized residuals for markets i and j; and c ii , c ij , c jj are the corresponding elements of the constant matrix in correlation equation; a i , b i are the corresponding elements of matrices A and B; and ρ ijt is the corresponding element of unconditional correlation matrixQ.
Covariance news impact surfaces can also be obtained from the product of correlation surfaces with the appropriate component of the news impact curves from the univariate EGARCH models.
Data and Empirical Results
The data employed in this study are weekly observations on stock returns (continuously com- where the ringgit was pegged to the US dollar for a number of years during the current sample.
The first stage of the estimation process is to fit univariate GARCH specifications for each of the 15 return series. To account for possible asymmetry in conditional volatility we estimate EGARCH models in each case. We find evidence of asymmetry in most of the stock markets under
investigation. It appears that there is very little evidence of asymmetry for a large number of the emerging markets. In particular markets that have low correlations with the US (and Europe)
provide very little evidence of volatility feedback, namely China, India and Indonesia. This is the case for both local and US dollar returns. 4,5 Parameter estimates from the univariate EGARCH models are reported in Table 3 . Figure 2 plots news impact curves for 3 of the Asian markets (Korea, Malaysia and Thailand) in addition to the EU and the US for both hedged and unhedged returns. For those markets with significant volatility feedback, the curves provide clear evidence of an asymmetric response to bad news. Similarly in the case of Thailand the curves reinforce the lack of asymmetry findings of Table 3 .
Given the large literature on the Asian crisis and contagion, we consider the possibility that the crisis period represented a structural break due to the large number of Asia-Pacific (and wider) markets effected. To account for this, we test for the existence of a structural break in the intercept.
We also consider two alternate crisis dates: 02/07/1997 when the Thai Baht devalued and the crisis commenced, and 22/10/1997 when there were devaluations of the Taiwanese dollar and Korean won and a large fall in the Hong Kong equity market, representing the widening of the crisis. Table   4 reports the log-likelihood values from a series of models. The likelihood ratio tests reject the null hypothesis of no structural break in mean, indicating that all the models allowing for a mean break significantly outperform the non-break models. Similarly, all the asymmetric generalised DCC models outperform the non-asymmetric models. These results are supported by the BIC results. Moreover, in both local currency and US dollar models, adopting a break at 22/10/1997 (the widening of the crisis) rather than 02/07/1997 (when the crisis commenced) reduces the BIC, implying that 22/10/1997 is a more preferable break date for the crisis. We therefore report our 4 Indeed, in some cases (China, India, New Zealand and Pakistan) we find the "good news" chasing effect documented in emerging markets, however, the positive asymmetry coefficient is typically always statistically insignificant. 5 Evidence of asymmetry is much weaker for the hedged (US dollar) returns.
results for the AG-DCC-GARCH model with a mean break at 22/10/1997.
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The parameter estimates of the AG-DCC-GARCH model are reported in Table 5 . Most parameter coefficients are statistically significant at conventional levels. In all cases except China, India and Indonesia we find evidence of asymmetries in conditional correlations. The conditional correlations and conditional covariances for local currency returns estimated from the AG-DCC-GARCH model with a mean break are plotted in Figure 3 for the correlations and covariances of the 14 markets with the US and Figure 4 for the correlations and covariances of the 13 markets with the EU. While correlations indicate the relationship between two returns, the covariance captures the amount of comovement between them. Thus it is possible to determine whether changes in comovement are due to a change in the correlations between markets or simply due to volatility. integration. This is particularly the case for newer emerging markets in the region such as China and India, although developed markets such as Japan also witness significantly higher correlations 6 Aside from poorer in-sample performance, qualitatively the results do not change if a break date of 02/07/97 is adopted. 7 We select these as the correlations and covariances to report and discuss, plots of all 105 local currency and all 105 US dollar correlations and covariances are available from the authors on request.
toward the end of the sample.
In contrast to correlations with the US and the EU, Figure 5 clearly shows a large increase in correlation among the 5 Asian crisis countries at the onset of the crisis. In most cases we witness correlations falling after the end of the crisis, yet correlations levels seem to remain higher than pre-crisis levels. The majority of correlations with Malaysia, Taiwan and Thailand in both local currency and US dollars, and with Indonesia and Korea in US dollars peak during the crisis period.
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The results show that the Asian crisis caused a significant increase in intra-regional correlations.
However no such impact was witnessed with respect to correlations with the US and Europe.
To investigate further the impact of the observed asymmetries, we examine the news impact surfaces of Kroner and Ng (1998) . This correspond with the relatively high levels of asymmetry reported in Table 5 for the US and the lack of asymmetry for Malaysia. The effect of asymmetry becomes even more striking when we examine the covariance news impact surfaces (Figures 7a, 7b and 7c ). The combination of the correlation with the two conditional volatilities produces a huge increase in the -/-quadrant. The increase witnessed in response to joint good news is typically much lower. There is little evidence of asymmetry in the +/-and -/+ quadrants for covariances with the US and Europe, however these asymmetries are visible in covariances between Asia-Pacific markets.
8 The results highlight that correlations with New Zealand peak in virtually every case during the Asian crisis (22/28 cases).
Conclusion
In this paper we investigate correlation dynamics between 13 Asia-Pacific stock markets, the EU and the US. Correlations are key to international portfolio diversification and asset allocation decisions. While most of previous literature on volatility transmission only concentrates on covariance between markets, we provide a more comprehensive view showing both dynamic covariance and dynamic correlation between asset prices across markets. Using the recently developed asymmetric generalised dynamic conditional correlation GARCH model (AG-DCC-GARCH) of Cappiello et al.
(2006) we examine how conditional correlations and covariances for both local currency and hedged US Dollar returns evolve over time. We uncover evidence of wide variation in correlations through time, with conditional correlations deviating significantly from the levels of unconditional correlations. Importantly, we also establish significant asymmetry in correlations between many markets.
Reinforcing the established view that correlations increase in response to bad news, crisis events, bear markets. Although importantly there seems to be little asymmetry in countries that are not highly correlated with developed markets, suggesting a link between levels of market integration and volatility feedback.
Incorporating a structural break due to the Asian crisis at 22/10/97 improves the fit of the estimated model. However, significantly, increases in conditional correlations during the Asian crisis seem to be mainly limited to crisis countries in the region, correlations involving other markets are not systematically effected. Although correlations with the US and Europe are relatively immune to the crisis, they do rise during the bear market in the early 2000s. In addition we document a general increase in correlations over the entire sample period indicative of greater global market
integration.
Further we demonstrate the asymmetric response of both conditional correlations and covariances to join bad and good news highlighting that the impact of crises and bear markets on correlation are further compounded by volatility. These findings throw further light on correlation and covariance dynamics between equity markets. These dynamics highlight substantial time variation in international portfolio diversification opportunities across the Asia-Pacific, EU and US markets.
A Maximum likelihood estimation of AG-DCC-MVGARCH model
Engle (2002) and Engle and Sheppard (2001) propose the two-step estimation of DCC-MVGARCH model:
The normality assumption of r t gives rise to a log-likelihood function. Without the normality assumption, the estimator will still have the Quasi-Maximum Likelihood (QML) interpretation.
The log likelihood for this estimator can be written as:
Since the standardized residual,
t r t , the log-likelihood function can be expressed as:
It is clear that there are two separate parts of the log-likelihood function, the volatility part containing D t and the correlation part containing R t . This gives rise to the two stage estimation procedure. In the first stage, each of D t can be considered as an univariate GARCH model, therefore the log-likehood of the volatility term is simply the sum of the log-likelihoods of the individual GARCH equations for the assets:
In the second stage, the DCC parameters are estimated using the specified log-likehood of the correlation part, conditioning on the parameters estimated in the first stage likelihood:
It should be noted that the two-step estimation of the likelihood function means that estimation is inefficient, though consistent (Engle and Sheppard, 2001; Engle, 2002) . Malaysia) , N Z is the DS Total Market (New Zealand), P K is the Karachi SE 100 (Pakistan), SG is the Straits Times (Singapore), T W is the weighted SE index (Taiwan), T H is the Bangkok S.E.T. (Thailand), EU is a value weighted index of returns from France, Germany, Italy and the UK and U S is the S&P500 Composite. * indicates parameters insignificant at 5%. 
